Abstract-The paper presents a pseudo bond graph model of a thermo-hydraulic system which is composed by two warm and cold water pipes, a plastic tank and an evacuation pipe. This model is designed on 20sim software and it allows varying the temperature, inside the tank, by acting on the mass flows of the warm and cold water, as well as on the evacuation pipe. A simulation is done for constant and variable water mass flows to show the efficiency of this bond graph model.
INTRODUCTION
The energy systems, characterized by interaction between several physical phenomena such as thermal and hydraulic transfers, have a complex dynamic behavior and a nonlinear aspect. Therefore, it is delicate to model and to control them.
The bond graph formalism presents an easy and a simple graphical method for the modeling of these physical processes and multidisciplinary dynamic engineering systems. They include efforts, flows, integrate components and sensors from different energy domains (thermal, hydraulic, mechanical, electrical, chemical…) [1, 3] .
This approach allows satisfying the basic principles of physics, such as energy conservation, power continuity…. It also permits the modeling of the power transfers inside the system, the coupling between thermo-hydraulic variables, the dissipation and the storage phenomena. Then, it is possible to extract constitutive relations and dynamic equations from the bond graph model between its sources and its different elements according to the causality and the direction of the energy distribution.
Several worldwide studies were interested in the bond graph modeling of these energy systems [10, 12, 13] , almost in thermal, hydraulic and chemical domains. There are bond graphs modeling of a hydraulic system such as pipes with valves connected to a tank [2] , a thermo-hydraulic system such as a thermal tank [2, 4, 9] . Multi ports are used to model the coupling between the thermal and hydraulic variables [5, 6, 7] .
The bond graph modeling of the system inspires of these works. Indeed, there is presence of warm and cold water pipes which are equipped by valves and a tank as well as an evacuation pipe. The power variables, used in the model, are 978-1-4673-5814-9/13/$31.00 ©2013 IEEE the hydraulic couple (Pressure and mass flow) and the thermal couple (Temperature and heat flow for transfer by conduction and enthalpy flow for transfer by convection inside the tank) [9, 12] .
In this paper, we present a pseudo bond graph model of a thermo-hydraulic system. It illustrates the pseudo-thermal and pseudo-hydraulic transfers through bonds, the flow sources, the hydraulic and thermal energy dissipation respectively at the valves level and the tank's walls, the coupling and the storage energy processes. For the simulation of the model, it is possible to vary the mass flows and also the temperature of the cold water and the warm water to vary the water temperature inside the tank.
The paper is structured as follows: in Section II, we describe the thermo-hydraulic system; we explain the physical phenomena which interact inside and its correspondent word bond graph model. Section III presents the pseudo bond graph model and the dynamic equations. Section VI illustrates the simulation results. The last section is devoted to conclude this paper.
II. THE THERMO-HYDRAULIC SYSTEM
The thermo-hydraulic system, to be modeled in bond graph, is illustrated by Fig. 1 . It is constituted by two warm and cold water pipes, debiting two water quantities in the tank, which are moderated by the valves. As well as an evacuation pipe that prevents the complete filling of the tank and maintains a constant water level.
The quantities of warm and cold water injected in the tank are modeled by two flow sources (mass flows) of which are determined the correspondent heat flows.
Every valve presents a hydraulic resistance. Furthermore, there will be a thermal dissipation at the walls level of the pipes and the tank. In fact, the heat, inside it, is transferred by convection which is presented by the enthalpy flow and also by conduction which is presented by the heat flow, under the influence of the outside temperature.
A. The involved physical phenomena
The dynamic behavior of the system is essentially described by the interaction between the hydraulic and thermal phenomena during the mixture between the warm and cold water. Indeed, it is characterized by a coupling of the hydraulic and thermal variables.
The water, in flow, undergoes a pressure drop and a hydraulic dissipation at the pipes valves level, caused by the water friction. The water quantity, in constant pressure, debited from the two pipes and injected in the tank, allows to transport a heat quantity which will be stored by water molecules or be dissipated by conduction in heat form (the tank is supposed not heat-insulated) or stored at the level of the tank's walls. This transfer is influenced by the outside temperature (of the air). The warm and cold water's mass flows are evacuated, in a big part, by the evacuation pipe.
B. Word bond graph model
The word bond graph model is presented in Fig. 2 . The warm and cold water pipes are presented by two modulated mass flow sources. The heat flow sources are modulated by the temperature of the warm and cold water and the two pipes mass flows. The heat quantity in the tank is transferred by convection. Thus, it is stored in heat energy form and also dissipated at the level of the tank's walls under the effect of the outside temperature.
At the valves level, there is a hydraulic dissipation due to the water friction.
C. Hypothesis
For the bond graph modeling of the thermo-hydraulic system, we suppose that the outside temperature is equal to 20°C, the initial water temperature inside the tank is 42.93°C and the outside pressure is equal to zero.
III. PSEUDO BOND GRAPH MODEL OF THE THERMO-HYDRAULIC SYSTEM

A. Pseudo Bond graph Model
The pseudo bond graph model is designed on 20sim software. It is shown in Fig. 3 .  The thermal dissipation at the pipes walls level is modeled by two simple R elements (R_th_cold and R_th_warm).
 The thermal energy storage in the tank is modeled by a multiport C:CC which highlights the coupling between the temperature and mass of the water inside the tank.
 At the level of the tank's walls, the heat dissipation (transferred by conduction) is modeled by two simple R elements: R_Tank_Wall for the exchange between the tank and the walls and R_Wall_Out for the exchange between the walls and the outside. The thermal energy storage is modeled by a simple C element (C_Sck_Wall).  At the evacuation pipe level, the heat flow is modeled by a multiport R:Rc.
B. Dynamic equations deducted from the bond graph model
 For the hydraulic dissipation in the pipes and modeled by the simple R elements, the pressures P 2 and P 12 (Pa) are computed in (1) according to the Bernoulli law [9] . The Fig. 5 illustrates the influence of the cold water's mass flow source, in the entry, on the temperature inside the tank, for ṁ 11 =0.5 Kg/s. The increase of the cold water's quantity, injected in the tank, allows to decrease the water temperature inside.
By gradually increasing the temperature of the warm water for a temperature of the cold water equal to 20°C and constant values mass flows equal to 0.5Kg/s, the water temperature in the tank increases. This is illustrated by the Fig. 6 . For variable mass flows taken as signals of cosine and sine which the amplitude varies between 0 and 1Kg/s and the pulsation value is fixed to 0.05 rad/s, we obtain the folowing results shown in Fig. 7 . We notice that the temperature value varies sinusoidally between 22.64°C and 47.7°C, according to the mass flow variation of the warm and cold water.
The heat flow of the warm water varies at the rate of its mass flow between 49 J /s and 1.35 MJ /s. Also, the heat flow of the cold water varies according to the mass flow between 7.89 J/s and 460.18 KJ/s, for a temperature of the cold water equal to 20°C and a temperature of the warm water equal to 50°C.
An enlarged part of the previous curves shows a logical variation of the water temperature in the tank according to the mass flow of the warm and cold water. Indeed, the temperature increases when the quantity of the cold water decreases or/and the quantity of the warm water increases and in inverse case, the temperature falls. These results are illustrated by the Fig. 8 . 
V. CONCLUSION
A pseudo bond graph model of a thermo-hydraulic system is realized through the 20sim software. The thermal and hydraulic transfers are highlighted. As well as, the coupling, the hydraulic dissipation at the valves level and the thermal dissipation at the walls level of the tank and pipes.
The simulation shows the variation of the temperature in the tank according to the mass flow of the warm and cold water and their temperatures for constant and variable values in order to prove the efficiency of the bond graph model.
In future works, we plan to introduce a not linear regulator into the control loop to insure the set point tracking of the water temperature inside the tank.
